The in vitro antifungal activity was determined of an ethanolic extract of Vitis vinifera L. tendrils (TVV) against ten plant pathogenic fungi, using the agar dilution method; activity was shown against all tested fungi. Fusarium species were the most sensitive with MIC values ranging from 250 to 300 ppm, while the basidiomycete fungus Rhizoctonia solani was the most resistant, with a MIC value of 500 ppm. Electrospray ionization tandem mass spectrometry (ESI-MS n ) was used to obtain qualitative information on the main components of TVV. The high amount of polyphenolic compounds contained in TVV is likely to contribute significantly to its antifungal activity.
Phytopathogenic fungi cause plant diseases that limit crop production worldwide, mostly in developing countries. In addition to causing yield losses and food decay, some plant pathogenic fungi may also pose a hazard to consumers' health through the production of dangerous secondary metabolites [1] . Synthetic chemical fungicides are utilized worldwide to fight phytopathogenic fungi, but their extensive use represents per se a threat to the environment and human health: indeed their residues have also been found in vegetable food [2] . It is also known that these plant pathogenic fungi may, over time, develop resistance towards synthetic fungicides [3] . A likely and environmental friendly alternative for the control of phytopathogenic fungi could be represented by plant extracts and phytochemicals such as essential oils, terpenoids, polyphenolic compounds, and glucosinolates [4] . These fungicidal natural compounds are safer than synthetic ones since they are biodegradaded into non-toxic compounds, and have the additional advantage of very rarely inducing resistance in targeted phytopathogens [4] . In this context the ethanolic extract of Cinnamomum camphora (L.) Presl was recently found to inhibit the mycelial growth of Colletotrichum lagenarium, the causative agent of anthracnose in cucumber [1] .
Extracts of various parts of Vitis vinifera L. have been reported to possess a broad spectrum of activities, including antioxidative, antiinflammatory, and antimicrobial [5] . Seeds, grape skin and leaves of V. vinifera have been reported to be rich in active polyphenols, such as flavonoids, catechins, epicatechins, procyanidins proanthocyanidins, resveratrol and other stilbene derivatives [6] . In the present study we investigated the ethanol extract of grape tendril (TVV) of V. vinifera (tendrils usually represent scrap material in the culture of V. vinifera) for its antifungal activity against plant pathogenic fungi such as, for example, Botrytis cinerea a wellknown pathogen of V. vinifera plants.
The extraction yield was 14.5%. Analyses of TVV revealed the presence of polyphenols and flavonoids. Actually, the total polyphenol and flavonoid levels in the dried extract of TVV were 66.2 ± 5.8 mg/mL (28.5 ± 1.9 mg/g dry weight) and 15.8 ± 1.7 μg/mL (6.9 ± 0.5 μg/g dry weight), respectively.
The identification of TVV components was performed by electrospray ionization tandem mass spectrometry (ESI-MS n ). This technique was used to obtain some qualitative information on the main components of the TVV. Among all the singly charged negative ions present in the spectrum, we have taken into consideration the 23 peaks shown in Figure 1 .
Based on literature [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] and MS n fragmentation (Table 1) , we have identified the ions at m/z 115, 133, 149, 179, 191, 195, 277, 301, 311, 341, 439, 477 and 609 as fumaric (1), maleic (2), and tartaric acid (3), a mixture of hexoses (5) and caffeic (5'), citric (6) and gluconic acid (7) , phosphate adduct [M+H 2 PO 4 ]¯ of hexose 5 (10) , ellagic (13) and caftaric acid (14) , sucrose (15) , phosphate adduct [M+H 2 PO 4 ]¯ of sucrose 15 (17) , quercetin 3-O'-glucuronide (19) and rutin (23), respectively. All other compounds were tentatively identified on the basis of mass data. In particular, compound 4 (Table 1) data. The [M-H]¯ ion at m/z 247 (9) ( Table 1) was probably due to the in source-CID fragmentation [28] of the parent ion at m/z 291. In fact, the MS 3 spectrum of this ion was identical to that obtained from the MS 2 experiment on the ion at m/z 247 (9) . Furthermore, by increasing the source fragmentation energy, the ion at m/z 291 disappeared while that at m/z 247 became the base peak of the spectrum. Compound 12 ( Table 1 ) tentatively identified as the ester formed between malic acid and a hexose (maloyl-hexose), showed a [M-H]¯ ion at m/z 295, and exhibited MS 2 ions at m/z 179 and 133, corresponding to the loss of malic acid (3-hydroxysuccinic anhydride, C 4 H 4 O 4 , 116 Da) and hexose (162 Da) moieties, respectively. Furthermore, the MS 3 fragmentation patterns of these two ions (m/z 179 and 133) were characteristic of a hexose and malic acid (MS 2 of compounds 5 and 2). Compound 16 ( Table 1) Moreover, the MS 3 spectra of these two ions showed the typical fragments of a hexose (m/z 179) and shikimic acid (m/z 173) and, thus, compound 16 was assumed to be a shikimoyl-hexose. Compound 18 (Table 1) (Table 1) . Thus, compound 18 was tentatively identified as 5,6,7-trihydroxy-2,3-dihydrocyclopenta[b]chromene-1,9-dione-3-carboxylic acid hexoside. Compounds 20 (m/z 481) and 21 (m/z 509) might be two ellagic acid derivatives because both compounds showed an intense ion peak at m/z 301 in the MS 2 experiment, as well as the typical fragments of ellagic acid at m/z 284, 257, 229 and 185 in the MS 3 experiment. Unfortunately, a more detailed characterisation of these compounds was impossible. Finally, compound 22 (Table 1) Thus, on the basis of these mass data, compound 22 was tentatively identified as the galloyl ester of 5,6,7-trihydroxy-2,3-dihydrocyclopenta[b]chromene-1,9-dione-3-carboxylic acid hexoside.
The TVV extract was tested against ten relevant phytopathogenic fungi: Fusarium oxysporum Schl., F. culmorum (Wm. G. Sm.) Sacc., F. solani (Mart.) Sacc., F. coeruleum Lib. ex Sacc., F. sporotrichioides Sherb., F. tabacinum (J.F.H. Beyma) W. Gams, and F. verticillioides (Sacc.) Nirenberg which are very important plant pathogens inducing necroses or wilts in crops of economic importance [29] ; Botrytis cinerea Pers that causes grey mold rot [30] ; Alternaria solani Ell. et Mart. that produces a disease in tomato and potato plants called early blight [31] ; Rhizoctonia solani Kühn that can induce various plant diseases such as collar rot, root rot and wire stem [32] . Besides being pathogenic for plants, these species represent also a threat to human health. As for Fusarium species, F. oxysporum and F. solani cause severe pulmonary and skin infections in immunocompromised patients [33] . Moreover Fusarium species are widespread: for example they were recovered from a hospital water system, air and other environments [34] . Fusarium colonization of the deck surrounding a hospital physical therapy swimming pool has been reported by Buot et al. [35] , and two patients using the pool developed mixed onychomycosis from which Fusarium was isolated. Finally Fusarium species produce mycotoxins such as trichothecenes that can enter the food chain through contaminated cereal grains [36] . Notably, the Fusarium species included in our study were all sensitive to TVV. Indeed they were totally inhibited (fungistatic effect) at 400 ppm of TVV, while 800 ppm of TVV ( regard to B. cinerea, A. solani and R. solani), as compared with the reference antifungal agent nystatin dehydrate, whose MICs are reported in Table 3 . Taken together these results indicate that TVV exerts a considerable antifungal activity on a panel of phytopathogenic fungi.
Plants can be considered as rich sources of bioactive compounds such as tannins, terpenoids, saponins, alkaloids, flavonoids and other compounds which exhibit in vitro antifungal properties against phytopathogenic fungi [37] . TVV extract is characterized by a high content of polyphenolic compounds.
Polyphenols are very important for plants because they contribute to resistance to microorganisms, herbivores and insects; indeed, the active antifungal compounds of most plant extracts are represented by phenolic compounds [38] . Phenolics or polyphenols have been divided into three major categories: phenolic acids, flavonoids and tannins. It is well known that a wide number of different flavonoids display antifungal, antiviral and antibacterial activity [39] . Flavonoids and polyphenols represent the major constituents of TVV. We used mass spectrometry to obtain more information on the main components of TVV where different classes of compounds were detected: fumaric and citric acids; flavonols (rutin, quercetin-3-glucuronide); and phenolic acids (caffeic, ellagic and caftaric acids). Among these phenolics, the last two classes, i.e. flavonols and phenolic acids, might account for -or contribute significantly to -the antifungal activity of TVV extract. Indeed, according to their role as elicitors in plants, these polyphenols are known to be toxic toward pathogens, including fungi [40] . Apart from caftaric acid, which was reported to exert only a weak antifungal activity [41] , other TVV polyphenols such as rutin, a widely distributed flavonoid, are known to exert antifungal properties. Rutin was shown to be highly active against Aspergillus ochraceus Wil., a common food contaminant and a threat to human and animal nutrition [42] . Furthermore, Morais et al. [43] reported that rutin is very active against various Candida species and Cryptococcus gatti. With regard to quercetin-3-glucuronide this glycosylate flavonoid is also well known for its antifungal activity [44] . As to TVV phenolic acids, the antimicrobial (against Legionella pneumophila and Listeria monocytogenes) [45, 46] and antifungal [47] activity of caffeic acid has been reported previously. Chen et al. [47] reported its significant antifungal activity against Gibberella zeae and other plant pathogenic fungi. Ellagic acid and its derivatives (i.e. punicalagin) are known for their antifungal activity, particularly against fungi causing fruit and vegetable decay during storage such as Alternaria alternata, Fusarium spp. and Aspergillus flavus [48, 49] .
Moreover, as antimicrobial and antifungal agents, polyphenols have been shown to act synergistically with each other [50] or with established antifungal drugs [51] . Such a capacity extends the intrinsic potential of each single polyphenol when associated with others. Hence the polyphenols contained in TVV extract are likely to play a pivotal role in its antifungal activity.
However, that other non-polyphenolic TVV compounds contribute to its actual fungistatic activity cannot be excluded. For example ubiquitous plant lipids have been reported to exert some antifungal activity [52] . To this purpose, since the lipid fraction of TVV has not been characterized here, it will be specifically and comparatively investigated in a future study.
As a final remark, our data also suggest that TVV extract "as is" could represent a low-cost, natural and effective agent against plant pathogenic fungi.
Experimental
Plant material: Young tendrils of V. vinifera L. var. Sangiovese were collected in Urbino, Marche, central Italy, at 450 m above sea level, in June 2012 and identified by D. Fraternale. A voucher specimen is deposited in the herbarium of the Botanical Garden of the University of Urbino "Carlo Bo" (TVV 01). Tendrils were shade dried and coarsely powdered for extraction. The dried tendrils were extracted with 70% ethanol in a closed circuit during 20 h in a Soxhlet extractor [53] . Subsequently, the solvent present in the extract was evaporated using a rotary evaporator at 40°C. The extract was preserved in sealed vials and stored in a refrigerator at 4°C until further used. The extraction yield was calculated as Yield (%) = (W E / W P ) x 100
Were W E and W P are the weights of the dried extract and the dried powder before extraction respectively.
Polyphenol content:
The total polyphenol content in the extract of tendrils was determined by the Prussian Blue method described by Hagerman and Butler [54] , with slight modifications as reported by Fraternale et al. [6] .
Flavonoid content: Flavonoid content was evaluated by the vanillin assay according to Monagas et al. [55] .
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Mass spectrometry: ESI mass spectra and MS n experiments were performed with a Finnigan LXQ Linear Ion Trap (Thermo Scientific, San Jose, CA, USA) operating in the negative ion mode. The data acquisition was under the control of Xcalibur software (Thermo Scientific). TVV extract was diluted in water (0.100 g/10 mL) and treated with ethyl acetate (3 x 15 mL) to eliminate the phospholipid and waxy components that could be present in the crude extract. The aqueous phase was filtered through a 0.20 m micropore membrane (Econofilter, regenerated cellulose, Agilent Technologies), water was removed under reduced pressure at 40 °C and the residue obtained (0.067 g) was diluted in methanol to a concentration of 268 g/mL and infused into the ion source at a flow rate of 10 μL/min with the aid of a syringe pump. The typical source conditions were: transfer line capillary at 275°C, ion spray voltage at 4.70 kV, sheath, auxiliary and sweep gas (N 2 ) flow rates at 20, 5 and 0 arbitrary units, respectively. Helium was used as the collision damping gas in the ion trap, set at a pressure of 1 mTorr. ESI-MS n spectra were obtained by collision induced dissociation (CID) experiments after isolation of the appropriate precursor ion in the ion trap (isolation width 1.2 m/z unit), and subjecting them to the following typical conditions: normalized collision energy between 20 and 30%, selected to preserve a signal of the precursor ion in the order of 5%; activation Q 0.25 and activation time 30 ms.
Fungal pathogen: Fungal strains were kindly supplied by DI.PRO.VAL (Faculty of Agriculture) of the University of Bologna, Italy.
Antifungal screening: The activity against phytopathogenic fungi was assayed by an agar dilution method in the appropriate culture medium (PDA, Difco) [56] . All experiments were carried out in triplicate. The inhibition of fungal radial growth was calculated as
Where D C and D T are the colony diameters of the control and treated mycelia of tested fungi.
The fungicidal activity of the extract was determined using the technique previously reported by Ricci et al. [56] .
Determination of minimum inhibitory concentrations (MIC S ):
The MIC values (μg/mL) were determined by the dilution method in solid medium [56] .
Statistical analysis: Analysis of variance was performed by oneway ANOVA following by Tukey's post-hoc test. Statistical differences at P < 0.05 were considered to be significant.
